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Abstract of J P 2002167636 (A) 

PROBLEM TO BE SOLVED: To provide a low density superalloy and no bond coat thermal barrier 
system. SOLUTION: The combination of an alloy and a TBC system can be used to fabricate 
lightweight turbine blades with reduced blade pull. The alloy has a composition substantially consisting 
of, by weight, about 7 to about 13% Cr, about 4.5 to about 6.7% Al, about 0.5 to about 2% Ti, about 3 
to about 12% W, about <=5% Ta, about <=15% Co, about 0.15 to about 0.5% Hf, about 0.003 to about 
0.040% Y, about <=3.5% Mo, about <=1 % Re, about <=0.05% C, about <=0.005% B, about <=0.05% 
Zr, about <=2% Nb and about <=1.5% V, and the balance substantially Ni. The P parameter calculated 
by the equation 1 is about <2 t 500. 
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(57) QS»] 

dtyftSffiffl^SCto^**. £&ttv Cr#57~#5 
13%, Al #54. 5~#56. 7%, Ti #50. 5 
~*tJ 2 %. W#53~#5l-2%, Ta «5-%WT» Co 

151 5%OTs Hf *U0. 1 5 -HBO. 5%, Y 
*tJ0. 0 0 3-150. 0 4 0%, Mo #53. 5 %« 
"R Re #51%^ C 150. 0 5%WT\ B #5 
0. 0 0 5%«T, Zr #50. 0 5%£Hn Nb #5 
2%«T\ V #51. 5%OT. BtfAteltttlCNl, 

^6 («*%?) sm«t««*n*««**u si 



1 

Cffll«3Sl] Cr **J6~**J 13%, A 1 $54. 5 
-$57%, Ti $50. 5~$52. 5%, W $53~$5 
121 T a $?J 1 4 %«T\ Co »15 %JWT, H 
f $50. 0 5~$5l. 5%, Y $50. 0 0 3~$5 
0. 0 4 0%, Mo $54%tCF, Re $9 1 %&LT, 
C $50. l%WTs B mo. 0 5%W7\ Zr .15 
0. 15%W"R Nb $52%&T, V $52%!^, 

tu Si : 10 
P=-2 0 0 C r + 8 0Mo z -2 5 0 T i 2 -5 0 (T 
ixTa) +15Nb + 200W-14W 2 + 30Ta 
-1. 5Ta ! + 2. 5 C o + 1 2 0 0 A 1 - 1 0 0 A 
l 2 +100Re + 1000Hf-200 0Hf 2 + 7 0 
OHf'-2000V-500C-15000B-50 

0 Z r, 

fc±S*lti*4iSP*8HK^ $52 5 0 0*?&&;S*& 

[SURE 2] A 1 + T 1 + 0. 2 T a ©fit (M%) 
#6. 5 — 11. 5£D$gffl, W+0. 8T aOfi (MM 20 
%) #9. 5-17. 5<Dg5HT*£3<:£:£#®£f 3 

[f»3fc^3] Cfi$50. 0 5%*$, B(i$50. 00 
5 %*«, ZrttftO. 1 SCfc *®mt? 

zm&m i ies<d$&j&> 

Clf*^4] Cr $57~$5l3%, Al $54. 5 

-$^7%, Ti $5i~$52%, W 3 — 1 1 %, 

T a mi 2. 5 %tt"f\ Co $5 1 5 %WT> H f 
$50. 05-151. 5%, Y 150. 00 3— $50. 0 
4 0%, Mo$53. 5%J£TF* Re $5 1 %WT, C 30 
150. 1%WT, B $50. 0 5%WT, Zr $50. 

1 5 %tTF, N b $5 2 %JWT, V $52 %£TF, ^ 

Ctt#«5] Al+Ti+0. 2TaCMi(S*%) 
#6. 5-11. 5©IEH, W+0. 8Ta<Dtt (If 
%) #9. 5-17. 5©lBH-ea53Cfc*t$ai:f * 
M$9t4GttO&l&. 

[»*«6] CttO. 0 5%M B&0. 0 0 5% 
*8f, ZrliO. 1 %*ffiX'$>%Z£Zimt?Zm$. 40 
«4|B«Offifi!to 

C»*^7] Cr $58~$5l2%, Al $54. 5 
-$55. 5%, T i$5l~$*!2%, W $53~$55%, 
T a m 1 0— m 1 4 %, C o $5 3 — $5 7 %, H f 
ftO. 2 5~$50. 4 5%, Y $50. 0 0 3~$50. 
0 40%, Mo $51 %&Cf. Re $5 1 %tTF, C 
$50. 0 5%tTF, B $50. 0 0 5%WT* Zr $5 
0.05 %£TF, N b 315 1 %JSO\ V $5 1 %IiTF, 

n, Si : 50 
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P=-2 0 0C r + 8 0Mo'-2 5 0T i 2 -5 0 (T 
ixTa) +15Nb + 200W-14W 2 + 30Ta 
-1. 5Ta 2 + 2. 5Co+l 20 0A 1-1 OOA 
l 2 +100Re + 1 000Hf-2000Hf 2 + 70 
0Hf 3 -2000V-500C-l 5000B-50 

0 Z r, 

fc*D»ti£ftSP*#«#, $52 5 0 0&ffi-?&ZC 

Ctt«3(8] CfiO. 0 5%*?g, BfctO. 00 5% 
ZrfiO. 1 %*»-pfe*cli:*f$a4:f S»* 
«7ie«©$§f£ 0 
[»*S9] Cr $57. 5~$58. 2%, Al $5 

5. 4 5 -$55. 7 5%, Ti $50. 8~$5l. 2 
%, W $57. 6~$58. 4%, Ta $55. 8~$5 

6. 2%, Co $54. 3~$54. 9%, Hf $50. 

1 5~$50. 5%, Y $50. 0 0 3~$50. 0 40 
%, Mo $50. 3 ~$50. 7%, Re m 1 %&TP. 
C $50. 0 5%WT, B $50. 0 0 5%WT, Zr 

$50. 0.5-%«Tx Nb $51 %iHT. V $5 1 %&L 

1 : 

P=-2 0 OC r +8 0Mo 2 -2 5 OT i z -5 0 (T 
IxTa) +15Nb + 200W-14W 2 + 30Ta 
-1. 5Ta ! + 2. 5Co+l 2 0 0A 1-1 OOA 
l 2 +100Re + 1 000Hf-2000Hf ! + 70 
OHf J -2000V-5 00 C-l 5000B-50 
0 Z r, 

K*D*m£ttSP*fNijt* $52 5 oo*«-c&5z: 
[ff^aiO] CliO. 0 5%*?i, BtiO. 00 5 

%*$t, zrtio. i %*ffi-e&zztz&mtt%m 

B**El 1] Cr $57~$5l 3%, A 1 $54. 
5-&J6. 7%, Ti$50. 5~$52%, W $53~$5 
12%, Ta $55%WT, Co $515%WT, Hf 

$50. 1 5—150.. 5%, Y $50. 0 0 3— $50,. 

0 4 0%, Mo $53. 5%JJTF, Re $5 1 %WR 
C $50. 0 5%ttT, B $50. 0 0 5%WT, Zr 

$50. 0 5%WT\ Nb $52%JWT, V $51. 5 

\cmff&*i* Si : 

P = -2 0 OC r + 8 0Mo 2 -2 5 OT i 2 -5 0 (T 

1 xTa) +1 5Nb + 200W-l 4W 2 + 30Ta 
-1. 5Ta 2 + 2. 5 C o + 1 2 0 0 A 1 - 1 0 0 A 

1 2 + 1 0 0 R e + 1 0 0 0 H f - 2 0 0 0 H f 2 + 7 0 
0Hf 3 -2000V-500C-l 5000B-50 
0 Z r, 

fcJ:D*ffl*tt5Pfcftfltfx $52 5 0 0*88?$ 3 C 
£*&&£? 4r*ttB&&£&. 
C»*S12] C&0. 05%*p, BliO. 005 
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zrtio. i %^m-v^ct^^ttm 
ifB«©#a&> 

0**113] Cr #56~#5l3%, Al #54. 
5~#57%, Ti #50. 5~#52. 5%, W #53- 
1512%, Ta #51 4 %&T, Co $515 %&T, 
Hf $50. 0 5~#5l. 5 %, Y 150. 0 0 3— #5 
0. 0 4 0%, Mo #5 4%tTF, Re #5 1 %J-XT, 
C #50. l%fcTF, B #50. 0 5%tTF, Zr #5 
0. 1 5%«T, Nb #52%JJTF, V #52%«T, 

aawsuiWfcN i> ^6«i*«n, si : 10 

P=-2 0 0Cr + 80Mo 2 -2 5 0T i 2 -50 (T 
ixTa) +15Nb + 200W-14W 2 + 30Ta 
-1. 5Ta ! + 2. 5Co + l 2-0 OA 1-1 OOA 
1 2 + 1 OORe + 1 0 0 OH f — 2'0 0 0 H f 2 + 70 
OH f 3 -2 0 0 OV-5 0 0 C- 1 5 0 0 0 B-5 0 
OZr, ' " 

tC£DgttJ£ft£P£#4I#, #52 5 0 0*ji^fc3.cl 

[»3&R14] A 1 +T 1 +0.'.-2Ta<Di[dl- 
%) #6. 5-1 1. 5£>fEH, W+0. 8Ta©I 20 
(SS%) ifi9. 5-17. 5 OKHTfe&£ 

Clf*^15] C«0. 0 5%*?g, B(±0. 005 
%*«, ZrfiO. 1 %*JiT*fe5'c:i:^!t#^i:-r§if 
*Sl 3l5«Otlp a Po 

nn#gri 6] wMmmmtm-r* z. tzmtt 
1 7 ] s««im#fis^f § c 4: t-r 
i s ] mtmrnm*** zzt&amtt 30 
curare 19] wz&mm&titir&z.titwwit 
[«Mt9i 2 0 ] a#*«BiHfi**rr § c t a f 

SHH&9U 4E«Ot)p D Po 

c»*«2 1 1 wmm®mzm?zz tznmtt 

4|2«Ofe n D p 0 
[«I*E2 2] Cr #56~#5l 3%, Al #54. 
5— #57%, Ti #50. 5~#52. 5%, W #53- 
#512%, T a #514 %&T, Co #5 1 5 %J2CFv 40 
Hf #50. 0 5~#5l. 5%, Y #50. 0 0 3— #5 
0. 0 4 0%, Mo #5 4%£TF, Re #5't'%JJ(T, 
C #50. 1%£CF, B #50. 0 5%JWT, Z r #5- 
0. 15%WT, Nb #52%&T, V #52%&T, 

;i/ ^ +X-5r-/l/£*f f § - ^SS^feT'S o 
T, Mf2ffi$fci, Si : 

P=-2 0 0C r+8 0Mo 2 -2 5 OT i 2 -5 0 (T 
IxTa) +15Nb + 200W-14W' + 30Ta 50 
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4 

-1. 5Ta ! + 2. 5C.O+1 2 0 0A1-1 OOA 
l 2 + 100Re + 1000Hf-2000Hf 2 + 70 
0Hf 3 -2000V-500C-l 5000B-50 
0 Z r, 

K £ <0 ffifettlS P 3k&mt)\ #5 2 '5 0 0 *«T*£ 5 C 

CH3SS2 3] A1+T1+0. 2TaOf (11 
%) #6. 5-11. 5<DffiB, W+0. 8TaOf 
Gtt%) #9. 5-17. 5<DiBBT*&3C££#li 

[ff*S2 4] C«0. 0-5%*?S, BtiO. 00 5 
%*ji, ZrttO. 1 %JmT*%>Z>Z- t*ft$lt?2>m 
*«2 2f2^£«o 

2 5] fflEM&ttW&A?* 5 c i: £#a 4: 

mmt ? zmm 23 enottA. 
m«g( 2 7 ] tci2tip a pa^w®«ii^^-r 3 c £ «■ 

W»W*It#il'2 3lB«©^p n p 0 
[fS*128] Cr #57~#5l3%, Al #54. 
5~#57%, Ti #5l~#52%, W #53~#5l 1 
%, T a #512. 5 %KT, Co #5 1 5 %WT, H 
f #50. 0 5~#5l. 5%, Y #50. 0 0 3~#5 
0. 0 4 0%, Mo#53. 5%tTF, Re #5 1 %OL 
T, C #50. 1 %WT, B #50. 0 5%W"r\ Zr 
#50. 1 5%fcCF, Nb #52%J£TF, V #52%JW 

+X^-;l/^*-T2>-7 ^;l/Se^%p D pT*fe^T, ffi 
IBfflfiicti, Si : 

P=-2 0 0 C r +8 0Mo 2 -2 5 0 T i 2 -5 0 (T 
IxTa) +15Nb + 200W-14W 2 + 30Ta 
-1. 5Ta 2 + 2. 5 C o + 1 2 0 0 A 1 - 1 0 0 A 
l' + 100Re + 1 000Hf-2000Hf ! + 70 
OHf 3 -2000V-500C-15000B-50 
0 Z r, 

K «t D ttjeS'ft* P fcfHWV. #52 5 00 *«T'fe 5 d 
i: a t -r § x y ^;US@-g-^%p a p 0 

Cll*®2 9] Al+Ti+0. 2TaOf (If 
%) ^6, 5—11. 5OlEHvW+0. 8TaOl 

m&%) *^9. 5-17. SOlBiBTa&SCfcJfeWftt 
f* WflSR 2 8 |g«©!ilp n p 0 

HMen3 03' CfiO: 0 5%*?i, BtiO. 00 5 

zrii'o, i %5fc?&T*£3 c t%&mt-$-%m : 

«^2 8!2^£>$&)p a po 

[it 3 1 ] mma^m^x-h^^h^mWit 

? 511*^2 8l2«©tJp D Po 

[fl*S3 2 ] fu!2Miffi#S*3g£*-f § <i 
«P«k-r5»#«2 8|21©^p d po 

CW^S 3 3 ] ffiEM Att«HttHiB«*T * c i: * 
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[tt#9(3 4l Cr 88~8l2%, Al $54. 
5-85. 5%, Ti8l~82%, W 83-85 
%, Ta 810-814%, Co 83-87%, H 
f 80. 2 5-80. 4 5%, Y 80. 0 03-8 
0. 0 4 0%, Mo 81%«T> Re 8 1 %OT, 
C 80. 05 %J60n :B 80. 005 %WF :s Z r 

80. 0 5%«T, Nb 8l%JUTx V 

Sffio^fc < i: a^tt©fe.§M*tt«7;V5 10 

■^X^-;b**-r 3 - y ^;l/S@^tip a oT-S o T, mi 
leffl^ttx Si : 

P=-2 0 0C r + 8 0Mo 2 -2 5 0 T i J -5 0 (T 
IxTa) +1 5Nb + 2 0 0W-1 4W 2 + 3 0Ta 
-1. 5Ta' + 2. 5 C o+ 1 2 0 0 A 1 - 1 0 0 A 
l 2 +100Re + 1 000Hf-2000Hf 2 + 70 
0Hf 3 -2000V-500C-15000B-5 0 
0 Z r, 

lc£K>m%.l£tl%P&{m£>\ 82 5 0 0*«T'feSC 
k*#^klT3l%p D Po 20 

t»*^3 5] Al+Ti+0. 2Ta<Dffi(fiM 
%) #6. 5-11. SOli, W+0. 8TaOl 

(fi*%) #9. 5-17. 5©ttHT?S5<:fc*4#« 
k1-3fS#^3 4BS^jp a po 

Clf*a3 6] CttO. 0 5%*i, BttO. 00 5 

%*«, z r « o . l d k*tf*fc-r*J|| 

#jg3 4iem©ti B 3 Po 

3 7] IQIB«AttJiii»?&« 21 1 *&®.t. 
f 3ff*3|i3 

B»*E3 8] siffi®&imWtiffim*m?Z>Z.£%: 30 
«F»£-rsa!*3i3 4lBic©tip D Po 
C!S#iR 3 9 ] MIB4l)A»«Htt«lfi«#rs c 

mm t ?z mzm 3 4 1 g«©tip n Po 

B*#g4 0] Cr 87. 5-88. 2%, A 1 
85. 4 5-85. 7 5%, Ti 8'0. 8~8l. 2 
%, W 87. 6-88. 4%, Ta 85. 8-8 
6. 2%, Co 84. 3—84. 9%, Hf 80. 

15-80. 5%, Y 80. 003— 80.' 04.0 

%, Mo 80. 3—80. 7%, Re 8 1 %£CF> 

C 80. 0 5%JMT, B 80. 0 0 5%JWT, Zr 40 

80. 0 5%£CR Nb »1%«T».V 81%JW 

mm&&, Si : 

P=-2 0 0C r +8 0Mo 2 -2 5 0 T i 2 -5 0 (T 
ixTa) +15Nb + 200W-14W 2 + 30Ta 
-1. 5Ta 2 + 2. 5 C o + 1 2 0 0 A 1 - 1 0 0 A 
l 2 + 10 0Re+1000Hf-2000Hf 2 + 70 
OH f 3 -2 0 0 0 V-5 0 0 C- 1 5 0 0 0 B-5 0 50 
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OZr, 

C<fcD££*ftSP*#tttf, 82 5 0 0*»T?fc5C 
£*1#^kfS$&|p D p 0 

[»«S4 1] Al+Ti+0. 2TaOl(li 
%) #6. 5-11. 5©^H, W+0. 8TaOf 
(S*%) #9. 5-17. 5<DtSHT-fc5C£:£#fi[ 
f 0 f2|g© ! l%p D Po 

[«JRS4 2] CttO. 0 5%m BttO. 00 5 
%*?», Z rfiO. l%*$§T-feS£££#m£:;f 
*3I4 0fBS©tlp D Po 

[tt*S'4 3 ] .KtKftflttJJMSST?* Silk 

wat-r5»*«4 oi2«o» 

CW*3f4 63 Cr 87-813%, A 1 84. 
.5-86. 7%, T. 1.80. 5-82%, W 83-8 
1 2 %, T a 85 %JUTF\ Co 815 %JWT, H f 
80. 15-80. 5%, Y 80. 003-80. 

0 4 0%, Mo 83. 5%WT, Re 8 1 

C 80. 0 5%tTK B 80. 0 0 5%WT, Zr 
80. 0 5%WT, Nb 82%£TF, V 81. 5 

fESUStt, Si : 

P = -2 0 0C r + 80Mo 2 -2 5 0T l 2 -5 0 (T 

1 xTa) +1 5Nb + 200W-l 4W 2 + 30Ta 
-1. 5Ta 2 + 2. 5Co + l 2 00 A 1-1 00A 
l 2 + 100Re + 1 000Hf-2000Hf 2 + 70 
OHf ! -2000V-500C-l 5000B-50 
OZ r, 

KJ: 0«3£**i* P*ff«*» 82 5-.0 0*J«T?.a&5C 

k^#Sikt5%p a po 

G»*?S-'4 73 A 1 +T i +0. 2 J a ©ffi CM 
%) #6. 5-11. 5©®H, W+0. 8TaOf 

(M%) #9. 5-17. 5©SBHT*fe5<li:*^ 
£"f SJ»*« 46 IBKOttA. 

CH^4 83 CliO. 0 5%*i,.BS0. 00 5 

%m zrao. i%*}n^fe5c:t*ifmi:-rs^ 

*E4 6|5H©^!lp n Po 

[If ^9 4 9 ] tft^fittJIlfg ft-F&S C fc «tttt k 
"fM»*«4 6f2ic£«o 

mess 5 o ] tmfommmm&ttt zz-t* 

C«*«5 2] Cr 86^813%, Al 84. 
5-87%, Ti 80. 5-82. 5%, W 83- 
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(5) 

7 

8 1 2 %, T a 814 %&CF, Co 8 1 5 %WT, 
Hf 190. 05~8l. 5%, Y 150. 0 0 3-8 
0. 0 4 0%, Mo 84 %£TF, Re 8 1 %W+", 
C 80. l%kTF, B 80. 0 5%tTF, Zr 8 
0. 15%i(T, Nb »2%ttT, V 82%IXT, 

;!/ = + X-!r-;Wc## Lfc-fe 5 5 v 5 WS»ft«**rr S 

-v*>imm-£^fi>r*%?TStm&fflz. m 10 

P=-2 0 0Cr + 80Mo 2 -2 5 0 T i 2 -50 (T 
ixTa) +15Nb + 2 00W-14W ! + 30Ta 
-1. 5Ta ! + 2. 5C'o + l 2 0 0A 1-1 OOA 
l 2 + 100Re + 1 000Hf-2000Hf 2 + 70 
0Hf 3 -2000V-500C-l 5000B-50 
0 Z r, 

01*915 3] Al+Ti+O. 2TatDfii(fiM 
%) #6. 5-11. 5©f5H, W+0. 8TaOt 20 
(M%) 9. 5-17. 5'OlSH"Z?fe*.C4:*1fa 

CttO. 0 5%*$f, BfiO. 00 5 
%*jg; ZrBO, 1 KAftgfeSC fcHMWteTSH 

[ft*9f5 5] " luf2^bm#^ H B B 1?;S'5c: 

5 2|BK<D4M1. 
[11*91 5 6]- HiB«fitt««tt«ifi*^'r 5 C fc £ 

ra* t -rsmsm s 2 mmmsh, 
ctt*9i5 7] mm&mm'im&tzGtzztz 30 
t **m»m 5 2 dRows. 

[ff*9I58] Cr 87-813%, Al 84. 
5-87%, Tl 81-82%, W 83-811 
%, T a 812. 5 %fiTr\ Co 8 1 5 %JKT, H 
f 80. 0 5—81. 5%, Y 80. 0 0 3—8 
0. 0 4 0%, Mo83. 5%&TF, Re 8 1 %&L 
T, C 80. l%tCF, B 80. 0 5%JXT, Zr 
80.15%tCF, Nb 82%J2TF> V 82%^ 

g®<D'>&< fcfcH&fcK&tt0£Stt^07;i'5+ 40 

X>r-;l/£WU C©iB^tt©a5S(f»tt©7 

-^^^SS^tiaT'SoT, SutHiifljSfcS:, Si : 
P = -2 00Cr+80Mo ! -2 5 0Ti ! -50 (T 
IxTa) +15Nb + 200W-14W ! + 30Ta 
-1. 5Ta' + 2. 5 C o+ 1 2 0 0 A 1 - 1 0 0 A 
l ! + 100Re + 1 000Hf-2 000Hf 2 + 70 
0Hf 3 -2O00V-500C-15OOOB-5O 
0 Z r, 

£ «fc WBJS*ft* P *frffitf , 8 2 5 0 0 *?STSS C 50 
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8 

[f»*9l5 9] Al+Ti + O. 2T. a<Dffi(M 
%) #6. 5—1 1. 5CD^H, W+0. 8TaOt 

(fil%) #9. 5-17. 5<OlBHT**£:fc*«fa 
t-r«if*9C5 8f5*gO!fSl l 5o 

[11*916 0] CttO. 0 5%*rS, BttO. 00 5 
%*«, Zr«0. 1 %*ffiT*&Z<l£*ftm£-tZ>n 
*9t5 aEKOfbA. 

[«*9i 6 1 ] mms^m^r^ § c t t 

[ff *9I6 2 ] ^Wfltiftim^*^ *S C £Z 
#i4^T§fi*9l5 8£«®&A. 

[fs*« 6 3 ] mmimzmffimmzGt s-c t * 
#$£T3fi*9i5 ssBUgoggft. 

[W*9!64] Cr 88-812%, Al 84. 
5-85. 5 %, T 1 8 1 ~8 2 %, W 83-85 
%, Ta 810-814%, Co 83—87%, H 
f 80. 2 5-80. 4 5%, Y 80. 0 0 3—8 
0. 0 4 0 %, M o 81 %WT\ Re 8 1 %UO\ 
C 80. 0 5%tTF, B 80. 0 0 5%ttT, Zr 

80. 0 5%tCF> Nb 8l%kTF> V 8l%& 

Sffi©'>&'< t ■«,-ascB^tto*-aM»tt07;i/5 1 

X-5r?-/Uft*U *&fcv C-©WA£0aW5tf»tt®7 

r. : y^;i/SM^»p^S3T,-M3ffifigtt, Si : 
P=-2 00C r+80Mo 2 -2 5 0 T i ! -50 (T 
1 xTa) +1 5Nb+2 0 0W-l 4W'+3 0Ta 
-1. 5Ta' + 2. 5Co + 1 200Al-100A 
l ! + 100Re+1 00 0Hf-2000Hf ! + 70 
0Hf 3 -2000V-500C-l 5000B-50 
0 Z r, 

[ff*9!6 5] Al+Ti+O. 2Ta©I (11 
%) #6. 5-11. 5<D^H, W+0. 8Ta©I 
(M%) #9. 5-17. 5<D®mT'$>2>ZL£*m® 

[ffi*9!6 6] C«0. 0 5%*®, BtiO. 00 5 
%*®, ZrBO. l%*«rz?fcSC 
*9I6 4tm<D%nSh a 

[«*9i6 7] mm&immgkT'&z c t^^t 

-fSf«*9?6 4l2«^n a Po 

[W*9I6 8] lul2^p a pBS«S«3g^W-ri. C fc* 

[it *9i 6 9 ] mm&izm mn&zG? s c ^ * 
*■»#« 6 4 eiso»a» 

[IS*9I7 0] Cr 87. 5-88. 2%, Al 
85. 4 5-85. 7 5%, Ti 80. 8—81. 2 
%, W 87. 6-88. 4%, Ta 85. 8~8 
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6. 2%, Co ft 4. 3~ft4. 9%, Hf ftO. 
1 5~ft0. 5%, Y ftO. 0 0 3~i^f0. 0 4 0 
%, Mo ftO. 3~ft0. 7%, Re ft 1 %£TF\ 
C f«jO. 0 5%JiCr\ B ftO. 0 0 5%WT, Zr 
ftO. 0 5%WT, Nb ftl%WT, V ftl%& 

-yyjvmm^^sShX^X, MfEfflfi)cti> j£l : 10 
P=-2 00 Cr + 80Mo ! -2 5 0Ti ! -50 (T 
i xTa) +1 5Nb + 2 00W-l 4W' + 3 0Ta 
-1. 5Ta ! + 2. 5.Co + l 20 OA 1-1 00A 
l 2 +100Re + 1 000Hf-2000Hf 2 + 70 
OHf 3 -2000V-500C-l 5000B-50 
OZr, 

lC£bm£.2tlZP&Wm>\ ft2 5 0 0*8S-Z?fcS£ 

[f»3£]S7 1] Al+Ti+O. 2TaOf (if 
%) #6. 5-11. 5©IBH, W+O. 8TaOi 20 

«»%) #9. 5-17. 5©*EH-efeacfc*«f« 
fcf *HI*J[7 0lBKO**. 

[ff*«7 2] CttO. 0 5%*}g, B«0. 00 5 

zrtio. i %&ffi-c&%zt*%mt-?%m 
*«7 otaKonift. 

-r5W*«7ofg«©fe n c &o 

t»««7 5] mm&immmmmzGtzzt* 30 

#^i;1-^if^«7 ofB$c£«o 

C»*«7 6] Cr ft7~ftl3%, Al ft4. 
5~ft6. 7%, TiftO. 5~ft2%, W ft3— ft 
12%, T a ft 5 %£TF\ Co ft 1 5 %&T> H f 
ftO. 1 5~ft0. 5%, Y ftO. 0 0 3-ftO. 

0 4 0%, Mo ft3. 5%&CF. Re ft 1 %&TR 
C ftO. 0 5 96WT* B ftO. 0 0 5%WT* Zr 

ftO. 05%WT, Nb ft2%«T, V ftl. 5 

-7<!r;Hg^p D pT'feot, MfB»;i, 5*1 : 
P=-200Cr + 80Mo ! - ; 250Tl ! -50 (T 

1 xTa) +15Nb + 200W-14W ! +30Ta 
-1. 5Ta 2 + 2. 5 C o+ 1 2 0 0 A 1 - 1 0 0 A 

| ! +100Re + 1000Hf-2000Hf 2 + 70 
0Hf 3 -2000V-500C-l 5000B-50 
OZr, 

£<fc$^££ft3P&#ffi#, ft2 500&ffi?&Z£ 50 
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Hl#£7'7] A l +T i.+ O. 2 T a,©ft (M 
%) #6. 5~l l. 5 ©IBB, W+0. 8TaOi 

(ga%) 9 . 5~i7. 5 mmciofc z t 

[W*«7 8] CttO. 0 5%*?g, BttO. 005 
•fSW*«7 6f2«O®p n p 0 

# « i: -r m$m 7 6 f2®o»p°po 

a. Cr ft 6 -ft -1 3.%, Al ft 4. 5 -ft 7%, 
Ti ftO. 5~ft2. 5%, W ft3~ftl2%, T 
a ftl4%OT, Co ftl5%iXKHf ftO. 

0 5~ftl. 5%, Y ftO. 0 0 3-ftO. 040 
%, Mo ft4%WT, Re ftl%^T, C ftO. 
1%£TF« B ftO. 0 5%tXT, ZrftO. 1 5%W 
T, Nb ft2.%£TF, V ft2%&T\ 8HBtt$fttt 

tNi, fr&jwtt£tiijft£n&iaft*#u si : 

P=-200Cr + 80Mo a -25 0\T i- 2 — 5-0;'(T 

1 x .T a) + 1, 5 N b +.2 0 0. W-.1, 4W*.+ 3 0 T,a. , 
-1. 5Ta 2 + 2. 5 C o + 1 20 OA 1 - 1 0 0 A - 
1 2 + 1 0 0 R e + 10 0 O H f -.2 0 0 O H f 2 + 7 0 
0Hf 3 -2000V-50OC-150 0OB-50 

0 Z r, 

ic&mmftz>p&<mt>\ »2soo*S8T*5fi 

b. mm&yn<»mm*mmtu 

8 4 ] Huia«ii^t±a«S^»T^ a C fc 
8 5 ] M!B^ii^«^ B B B ^5i%T*fe 
CW^S8 6] MfB-b55y^B»J»«Wtt, EBPV 

0**98 7] a. Cr ft8~ftl2%, Al ft 
4. 5~ft5. 5%, Tl ftl~ft2%, W ft3~ 
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155%, Ta $5lO~$5l4%, Co $53~$57 
%, Hf $50. 2 5~$50. 4 5%, Y $50. 0 0 
3~$50. 0 4 0%, Mo $5l%fcTF> Re $5 1 % 
«"r\ C tSlO- 0 5%WT, B $50. 00 5%« 
T, Zr **J0. 0 5%WT, Nb $5 1 %£TF, V 

$5i%&t, mwxxmcn u u^mttmamja 

b. mes*©*4< t i>-mcttm-LrcM{K&<D&z> 

c. mmT?v^-^~mmmLtc^xy^mmm w 

cuss 8 8 ] miewimae«ftiiiHffifi« =rr a 

BUS® 8 9] a. Cr $57. 5 — *tJ 8 . 2%, A 
1 $55. 4 5~$55. 7 5%, Tl $50. 8~$5 
1. 2%, W $57. 6~$58. 4%, Ta $55. 8 
~$56. 2%, Co $54. 3~$54. 9%, Hf $5 
0. 1 5~$50. 5%, Y 150. 0 0 3~$50. 0 4 20 
0%, Mo $50. 3-150. 7%, Reftl%ttT, 
C $50. 0 5%WT, B $50. 0 0 5 %&LT, Zr 
150. 0-5%JWT\ Nb $5 1 %WT, V 

**U Si : 

P=-2 00Cr+80Mo 2 -2 5 0 T i 2 -50 (T 
ixTa) +15Nb + 200W-14W 2 + 30Ta 
-1. 5Ta' + 2. 5 C o+ 1 2 0 0 A 1 - 1 0 0 A 
1 2 + 1 0 0 R e+ 1 0 0 OH f -2 0 0 OH f z + 7 0 
0Hf ! -20 00V-5 00C-l 5000B-50 30 
0 Z r, 

tCZ*>niUl£tl*¥StfW&. $52 5 0 0*}f§T*&5* 
$alllS'f : k£, 

b . < t fc-»atewbfe»&tt0* «■ 

Si:, 

yyyyu~h\ 

[»^«9 03 fl0fSR^9»ft«iffilO«K5««-rd 40 

[i$S9 1 ] a. Cr $57~$5l3%, Al $5 
4. 5~$56. 7%, Ti $30. 5~$52%, W $5 
3 ~$5 1 2 %, T a & 5 %£TF* Co *S 1 5 %W 
T, Hf $50. 1 5~$50. 5%, Y $50. 00 3 
~$50. 0 4 0%, Mo $53. 5%JWT, Re $5 1 
%WT, C $50. 0 5%J-XT, B $50. 0 0 5%« 
T, Z r $50. 0 5%WT, Nb $52%WT, V 

$5i. 5%tcF, a»*<nRwi«:N i, frbmnmicM 
f&zti&mm&nu si ; so 
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P = -200Cr+80Mo ! -2 50Ti ! -50 (T 
i xTa) +1 5Nb + 200W-14W 2 + 30Ta 
-1. 5Ta ! + 2. 5 C o + 1 2 0 0 A 1 - 1 0 0 A 
l' + 100Re+100OHf-2O00Hf 2 + 70 
0Hf 3 -2000V-500C-l 5000B-50 
0 Z r, 

ft #14© 7;V 5 ^x^r-^ £ , 

**fV*e i:%#iii:-r§#$S B B a S^^7.^-eyx 

[»*S9 2] M2iTSisa«STO$ffl«ii%wr5 

[000 1] 

(Thermal Barrier Coatl 
ng) *«JfPt«iSffifiiBtt{kttja^*!r«k:BBU 

14£WiT5#x*-ey$§f£©§^m 

•r §#$sr B @-a-^**x^- e yiy->^^u- ncgef 

§ 0 

[0002] 

[$£*©&ffi] ^^-e>x>s;>oji*Ki:t* 

[0 0 0 3] ^©tf^-^yxyy'Mcfct, ffiff% 

iRjjfe^-rSMfil/MBffliffi- (elongated gra 
ins) fr> €> & & fitftfiygSl (c o 1 umn a r g r 
a i n form) TjBft&WA$ttffi?% C fcT?> tS 
«W»tt*^*<5 ££^ttfeiNtfc. <:©&&«:> «• 
fiWfr©f£#m£ffiz$LT, «$S*©$£ffi651ftt*[R] 

[0004] isz#-\?ynimmici5^?$iicimL 

fcOf±, ¥$S B B B ©P^T'feofco *$Sf H «, 
§fc46fc¥$S B B B -&^r^?n?. i: fcfet, %«65^« 
[0 0 0 5] 19 8 O^mc^^-pT, «fcDfciSK*fH» 
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[0 0 0 6] #B#Ifil4, 2 4 8, 9 4 0^, H4, 

3 2 1, 3 1 mKlts ttmtOTJl'S.TStf&jS.Ztl 

[0 0 0 7] 

mm^yjyr'^ 3isit>js*!©-B£&5 0 
»&ttn«\ Ef»HafiT*«:-iKiciii<a:scfc3Wfii5n 

«H£»*a^ US-Hi: ft S. 

[0 0 0 8] *Wi#fF3§5, 2 6 2, 2 4 5§KB,fit 
^ttOT^^-^X-y— ;U (alumina seal 
e ) ftfcffl£&*3:ts::t2 5 5 y * BrftfiO^^. 

[000 9] #K#ffFlg4, 209. 3 4 8^314, 

4 5 9, I60f, S4, 6 4 3, 7 8 2?|C& JjMS 

[0 0 10] 

a^«s *#©&£©$# (in situ) 
tircW<\&®3t>Zttm&<D7)\'5.i-X5--)\'£, C©7 

[ooi i] *»jij<Dfl&fttt, ftftfcfgnoiiug^ 

(Low Cycle Fat Igue) ttt^ttS 

[0 0 12] ffiffiaBa^fc, &d4ftHaa&*rffi*2: 
©<a*-&t>*tJ:-3T, *#£*©«#«'>*-*£ i: 

#ifi8SiR* , ataisi4gTfra&-r5affl-pa:, sg-e&s. 

[0013] *fgf?B«; A*x^-eyffli, 
tt, -Hftfc* x-n7*^;i/gP#i:;l/-F-f&fe-5?Kt> 

[0 0 14] *-l£>'II-D7*^;l/tt, iSiSS^ 
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09*.{£8J1 5 0 0" F (&J8 1 6°C) %m%.Z'&MT'ft 

14, M^£ft£x-n7*'f';l/gB#£ST&'f5 

[00 15] 

B8i8©*flS©fl5«a WcWftLfcl^HD* « 

[ooi6] fa±Ltc&mtnu<m.**?%i*!M&& 

*£ft£&*\ WrO^-ii^KW-ett-IKWftiOia 
3S©ErtEi:ffl*'&to-&*4:, inBix-n7*-f>b©5l3B 
D^^«iQ-T5o jS7J©8ftU±, *-tr>7b-F© 

[0 0 17] *SgWO±S&ll«{4, «fc»)ffiffiS©«« 
©g^&tf, «^t©i^Rft3S[ftK«J:o.T. ffi©SM&1# 

fyild&^TVSo *-©±3ic&&£ttfc-&&{i. ft 

[ooi8] <i©%sti, aswft****"r«o 

«©iH£&tt» ftRWKffll»*nfc* <©«*** 

tt^fc£tt*Ste»«tfft^©-e, £$L.fc7U- F 
©fi*#, iO^o^-dW^U ^tUCfcot, x>S> 
> ©HHgt «fc $ 4 U 3 § IS t) JS*AV£Tt 5o ffi©*iM 

tmf ($*«$#) nmt>\ *.mcwn. <m 

»«t?4<*«W©iffl^ (4>fH£??^7;l/^7^- 

;i/**rrs) fc, tbc (»f»s) 

[0 0 1 9] HJ7A£^7x7A#1$ 

^©S-^fcfebnf 5 c k t * t> T, B^fefcBAtt© 

5 w#it©iifb7;i/ Asa*mgiK* n, c ©^ 

g;b^ Sftk-fe55'y^W}!&«BI©M*t#*U *ft 
CioT, *ra©g^MM*^T?ft<ft5i:^3^ 

40 [0 0 2 0] 
[Hi] 
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mm 2 0 0 2 - 1 6 7 6 3 6 
16 









ttflttHA 






C r 


6-13 


7.0-13 


8-12 


7. 5-8.2 


7-13 


A i 


4. 5-7 


4. 5-7 


4. 6-6.5 


6. 45-6. 76 


4. 5-6. 7 


T i 


0. 5-2. 5 


1-2.0 


1-2 


0. 8-1.2 


0.5-2 


W 


-3-12 


3. 0-11 


3-5 


7. 6-8.4 


3-12 


T a 


0-14 


0-12. 5 


10-14 


5, 8-6. 2 


0-5 


C o 


0-15 


0-15 


3-7 


4. 3-4. 9 


OH 5 


H f 


0.05-1.5 


0.05-t.S 


0.25-0.45 


0.15-0.5 


0.15-0.5 


Y 


0. 003-0.040 


0.003-0.040 


0. 003-0. 040 


0. 003-0. 040 


0. 003-0. 040 


N 1 


mm 


am 


»8 


&3 




Mo 


0-4 


0-3.5 


0-1 


0. 3-0.7 


0-3.5 


R o 


0-1 


0-1 


0-1 


0-1 


0-1 


o* 


0-0. 1 


0-0.1 


0-0. 05 


OrO.05 


0-0. 05 


B* 


0-0. 05 


0-0. 05 


0-0.005 


0-0. 005 


0-0. 005 


Zr ' 


P-O.,15 


0-0.15 


0-0.05 


0-0.05 


0-0..05 


N b 


0-2 


0-2 


0-1 


0-1 


0-2 


V 


0-2 


0-2 


0-1 


0-1 


0-1.5 



[o o 2 1 ] m. i tea, Jm?R<Dfc\<Mm, ffwa. 
a., mm®.. w&m.ttmm%<D\m\,tc 
icmmtztx&o m^commxH^ ct>wo. 05% 

B#£j0. 0 0 5%m ZrA^O. 1%*® 
t>\ LV\ g 1 ©fEfflte, (Al+Ti+0. 2T 
a) oyffi)\ »*U<-tts *8. '5~tt 1 -1 . 5, 
#$L<*, ltJ-7. 0~*<J 1 0. 5T*^0s (W 
+ 0. 8T a) <DMt>\ &%L<IZ, $19. 5-^1 30 
7. 5, «fc#£L<«:, '»1 0. 5H$16. 

^jMHttf^snSo 

CO 0 2 3] 7;l/5f-x^-vbOH^i4i:#*14^fR]± 

•r & ©t% -ask® $ n§ &mwm&imte^ k & 

So 

[0 0 2 4] #B1#ffi!5, 2 2 1, 3 3 6*fc8;*F 



[0 0 2 5] *Hftf^4, 7 1 9, 0 8 0fKtt, i 

U^BB«*JSS-rs*OT?feSo *S#fffg4, 7 1 
9, 0 8 0*OP*frS*il Si : 
P =- 2 OOCr+80Mb ! -2 5 0T l'-5 0 (T 
i xT.a) rf- 1 5-Nb.+ 20 0W-l 4W ! + 30Ta 
-1. 5Ta 2 + 2. 5 C o+ 1 2 0 0 A 1 - 1 0 0 A 
l 2 + 100Re + 1000Hf-2000Hf* + 7 0 
0Hf 3 -2000V-500C-l 5000B-50 
0 Z r, 

[0 0 2 6] P*fl?fcJ\ jffl^O^U-^KHf (ere 
ep -rupture) IfttO^ttffiflJ/^SIIH?^ 

(ffi«DiILS») ttttttrtLbS1\ ^ftlcioT, A 

[002 7] *mi<D'£&iz, mMiDmmm-e&icim 
ssp^ns «t o t b c s««a* n-fe*j«siR©*s» 
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[0 0 2 8] tiaAffitt««-r«£ftffi£*BttfflFjB 
4, 7 1 9, 0 8 0mcffl7F-£tircm'h<DP$:ftmii, 
3 3 6 0 T*£ t) , C ©#mcffl^^nfcS^© P 

4 7 0 OT'feiio 
[ 0 o 2 9 ] * l ©fflj&fSBlc P*ft^^ffi*atyi: , 

Bettfss/hffi^ -8 0.77.^2.0 cM'sHc, * 

4, 7 1 9, 0 8 0^fre>E&Jt5££#T-#5o'.ift^ 

l c ?&mti&^®&t<Dmut%mfr&v&zfe<'® 10 

Sfc&Ui, P», &2 5 0 0&ffi?&2>$mtf 

$?$L<H\ Wl 8 0 0*?&T*&3&g#fe3o 
[0 0 3 0] -Y>y hU7A£^7:^l>£}fe!l[rf SCfc . 

A^±1-^©«, iitt6©^f(is MftxMA^c 

[0031] *mn<D^mz. MX&v&zttm&oT 
mmic g.mzm'Br-rztt&iz, mmvu^Mmt®. 20 

[0 0 3 2] T^i-T-^-Mt, -t^^y^T BCjf 

3 0 ° F m- 3 4 °C) 100° F 7 

3°C) ©^jS*W-r57j<^3?HMr\ 1 8 0 0° F (» 
9 8 2°C) ~2 1 0 0° F (^114 9°C) -0*ggT\ 

i ~ i ommt>\ % u\, # li^im^ 

«\ $1 9 7 5° F Gfol 0 7 9°C) , »-4 0° F 30 

c&j-4o°c) <omjkx\ mmmx&Zo-mmmm 
»*to 9/274, 12 i-mo^m^miam r-t?.- 

771/57" 'X^-;b©J¥*tt; :*?]0. 2~^2 /imf $ 

[0 0 3 3] *m<DmmX*lZ, 7)l5.+7,'r-)Ui, # 
HDifbtf, 2 100° F GHl 1 4 9*0 Ojklfcfc4 

b£cl£:ft< 1 00, »SL<ttl 0 01sI»*S»^ 
[0 0 3 4] aBEWfckfefc, ®rtBtf$Ii:bT<£ffi-f£ 

IFVt&ft. CCX\ $m\tLX. Y*0,, Yb 
iOa, Ca(X MgO, Htl^COm^S. *>5ft5ffJ: 

&»R*ti*iwfc**aaiirr*ci:tf"e*5. . 50 
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[0 0 3 5] 5-2 0li%OY,0. 1 T'S^nft->* 

XZ%ti\ ccT*tefflSft*>WEi*a7{fce*lAi B 2 
Oitii Att, L a, Gcb Y, C*l5©}B^8U 
54$t£j:»>aiR£lir BfcTl, Zr, Hf\ 

[0 0 3 6] T B Cit, EBPVD LVumM 

ximtzz-t&X't&o EBPVDM#g»i, mm 

aJftKffiffl1-80fcJ8F'*L^. JK'HtffflF^. 3 2 1, 
3 11^,315, 2 6 2, 2 4 5*ftf, #BW*Ci:lJ: 
«fc-3T*Ktffl*ii*^So *B1*ffSB4, 3 2 1, 3 
1 l^teffi*8*ttTVS<fc3fc:* EBPVD ffit «tt)# 

7ry^WI*(i. 3~10mi 1 (7 6. 

2-2 5 4 |i.m) T«£S 0 

[0 0 3 7] #3^<D£&»8BSfci:oT\ VHKWtm 

[0 0 3 8] (Hflifflll) m<Dim-v->7McttL 

X. 2 2 0 0° F 2 0 4X) T?44J-H«Kf-rS<: 

[0 0.3 9] z.tit><D3m<DyyzfM*, &Tf<Dm*)X* 

[0 0 4 0] 1, h\tWttcWmmX^ 5m [ 
1 (12 7/im) (514^^4 ,321, 3 

1 l*tEK*nTV*) **U EBPVD 
lC<fco.T##Stlfc7 % Y^bZ r Oifrfe** 1 0 
mil (2 5 4 |im) P©T B CP^WTS, ¥»JI^ 
tPWA'l 4 8 4 (*B#I i fl|4, 7 19, 0-8 0*C 

[0 0 4 1]: 2. E .B P VD ; tC c fcoTM*^nfc7% 
Yg^bZ r OVA^^S 10 m i 1 (2 5 4 /im) iP 
CTBCMttSs Hf 0. 1%£Y lOOpp 
mZ^tsm 1 ©$f5SIBHA©*^ B B B ^o 

[00 4 2] 3. EBPVDtioTWfJnft7% 
YSSftZrOi^ftSlOmi 1 (2 5 4 /im)S 
©TBCS^-T^), Hf 0. 35%i:Y lOOp 

p m%#ifa 1 ©&SIBH A ©^tafao^o 

[0 0 4 3] ifSSti, UT©Jl!5T-$ofc (4 0©tS^ 

[0 0 4 4] 1. 1 0 0%<D$*ff<J®USlfo> 
[0 0 4 5] 2. 1 3 6 %<D*B2ti!l«j&1&o 
[0 046] 3. 224 %<0^mm^ o 
[0 0 4 7] aBWilCioT, fl£*S«k:it«LTT B 

[0 0 4 8] *SWO^H:, 31(0^84, 7 19, 
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0 8 O^KfBK^nT^S P WA 1 4 8 4&£®«i£Bfl 

[0 0 4 9] tv< o*»OKK-T?tt, ^-k*yyu-K 

*»B©*4 OffWBHA) «\ l 2 0 0° F OKI 6 4 
9°C) T?©9Jfc£ L C FWWcfrttfcfcfcfc, .fcfflWBf 10 
MS 4. 7 1 9, 0 8 0fO^J:t3, LCFlSAfWE 
12. 5 \> 
[0 0 5 0] ««OfiTbft*WfiOA6 (#35 

(t ^U-Kf?l* (blade pull) tLT- 

Tfc^-Ti^fc, ^JSIEHAtioT, ^fjpj&cfct 20 
[0051] PWA1484 +&jM(8dmi!+&£fc 

s;;i/3-7WHMsa = ioo %*a#7u- fssi 

[0052] PWA1480 +&JRSfflf£t6«+££flS 

iftte-rmmm = 97. 5%«*f7u-F*3i 

[0 0 5 3] (&jaSIS^»ff«b) 

flo 30 
[0 0 5 4] PWA 1 4 8 OOfBfitt, *fgHJ|©$?^§§ 

^i:fea«?nt#So 

[00 5 5] ccfc^fc* #38911*: J: of, xy->*^ 

T-TSo rur-K*3i^ffiT-raoT?, l c f»w 40 
[0056] ^sswo^ose&ssjofyjsa:, ff» 
[0057] i^ts«jg*astt, «a»t)jibo»*i:L 

T, ^«nfex-D7*-f;l/0»tt*iiitc:»^"rsft 



m 2002-167636 
20 

ffi2Sfi«\ 1 6 0 0° F CKT8 7 1 °C) ~2 0 0 0 ° F 

m mio9 3°cm) ©«Hfc*-»>»s*k ftgB 

800° F 0ft4 2 7°C) £as.5ggre 
[0 0 5 8] ffififcftinuStfj (c c-ejSfrfi, o. 2 5 

£ t~C' 1 9 0 0° F (ft 1 0 3 8 °C) TUtZtlltMm? 
T, ftfcffiiBbfc* *»«SF&S«*#t-*PWA 1 4 

w©^& (»jS^sha) ©i^ot)f^3^oiT'a&-3 

[0 0 5 9] ftoT, fie*EBPVD»ai:i:feKffiffl 
*nT^«g^«a*5iDI»<J:fclt:J:oT, £££3 

[0060] *&w<D-&&it, wmmitLTQffl-rz 
[oo6i] mmm 2 ) ^ < o^^ty^nofitw 

LT. 2 100° F (&1 1 4 9°C) OikJfcfc 4 #UBBi 

[0 0 6 2] 1. PWA 1 4 8 0 (#B#f i F3l4, 2 

0 9, 3 4 8^) ©*BS-9-y^;l/. 

[0 0 6 3] 2. PWA 1 4 8 4 (*B&rFJg4, 7 

1 9, 0 8 0f) (0*B®-9-yy;i/. 

[0 0 6 4] 3. PWA 1 4 8 7 (#H# Ifrfg 5 , 2 
6 2, 2 4 5^) ©JIMSBtfyTVl'. 
[00 6 5] 4. Hf 0. 1%£Y lOOppm 

[0 06 6] 5. Hf 0. 35%i:Y lOOpp 

[0 0 6 7] mm*. WTOilDTfeoft, 

[0 0 6 8] i . ioo %<oW$WeM-ft a 

[0069] 2. 490 %©fB*fll{t*ffto 
[0 0 7 0] 3. 2, 6 0 0 %©ffi»Kft3Mfro 
[0 0 7 1] 4. 2, 0 8 0 %CD®ttmm$: 0 
[0 0 7 2] 5. 2, 1 4 0 %©ffl*fl${fc*ft 0 
[0 0 7 3] #|PJl©&?I©&^&t{tiJiftfci\ PWA 1 
4 8 0, PWA 1 4 8 4lOmLX#ftlC&<, PWA 
1 4 8 7 ©KfbiWfr J: -KA/JSt^ C © P W A 1 

[0 0 7 4] 

mm i a, ®m*mmmm$it>mmmmtfz>z tz 



(12) ^200 2-1 6 7 6 36 

21 22 



29 



(72)fSW# 77> 
90 

F *-A(##) 3G002 EA05 EA06 EA08 

4K044 AA06 BA12 BA13 BB01 BB03 
CA11 CA12 CA13 



